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Abstract
Background: The purposes of the study were to determine the relevance and validity of in vivo non-invasive
radiographic assessment of the CCLT (Cranial Cruciate Ligament Transection) rabbit model of osteoarthritis (OA)
and to estimate the pertinence, reliability and reproducibility of a radiographic OA (ROA) grading scale and
associated radiographic atlas.
Methods: In vivo non-invasive extended non weight-bearing radiography of the rabbit femorotibial joint was
standardized. Two hundred and fifty radiographs from control and CCLT rabbits up to five months after surgery
were reviewed by three readers. They subsequently constructed an original semi-quantitative grading scale as well
as an illustrative atlas of individual ROA feature for the medial compartment. To measure agreements, five readers
independently scored the same radiographic sample using this atlas and three of them performed a second
reading. To evaluate the pertinence of the ROA grading scale, ROA results were compared with gross examination
in forty operated and ten control rabbits.
Results: Radiographic osteophytes of medial femoral condyles and medial tibial condyles were scored on a four
point scale and dichotomously for osteophytes of medial fabella. Medial joint space width was scored as normal,
reduced or absent. Each ROA features was well correlated with gross examination (p < 0.001). ICCs of each ROA
features demonstrated excellent agreement between readers and within reading. Global ROA score gave the
highest ICCs value for between (ICC 0.93; CI 0.90-0.96) and within (ICC ranged from 0.94 to 0.96) observer
agreements. Among all individual ROA features, medial joint space width scoring gave the highest overall reliability
and reproducibility and was correlated with both meniscal and cartilage macroscopic lesions (rs = 0.68 and
rs = 0.58, p < 0.001 respectively). Radiographic osteophytes of the medial femoral condyle gave the lowest
agreements while being well correlated with the macroscopic osteophytes (rs = 0.64, p < 0.001).
Conclusion: Non-invasive in vivo radiography of the rabbit femorotibial joint is feasible, relevant and allows a
reproducible grading of experimentally induced OA lesion. The radiographic grading scale and atlas presented
could be used as a template for in vivo non invasive grading of ROA in preclinical studies and could allow future
comparisons between studies.
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Osteoarthritis (OA) is a progressive disorder of the
joints caused by gradual loss of cartilage. OA is also
known as degenerative joint disease. OA is a painful
chronic disease of the synovial joints. It is the major
source of disability in the elderly population impairing
their ability to perform many activities of daily living.
The prevalence of OA is increasing with the aging of
Western populations [1-11]. Non invasive procedures
such as MRI, ultrasonography and laboratory biomar-
kers are gaining wider acceptance in clinical studies
[12-15]. However according to regulatory requirements
radiographic OA quantification remains the most rele-
vant evaluation of OA natural progression [16-19]. Stan-
dard radiographic atlas and grading systems are
recommended for radiographic assessment of human
OA in both clinical and epidemiological trials of OA
natural progression and disease-modifying osteoarthritis
agents (DMOA’s) therapeutic evaluation [17,20-25]. Sev-
eral grading system have been created and evaluated in
knee, hip, hand and foot ROA studies and are illustrated
in atlases [26-35].
Studies in animal experimental models of OA provide a
broad spectrum of outcome parameters. They are used to
elucidate the OA development process and the mechan-
isms responsible for its progression leading to the discov-
ery of potential therapeutic targets. In particular, the
cranial cruciate ligament transection (CCLT) of the rab-
bit femorotibial joint is a well accepted surgically induced
model of OA in the development of DMOA strategies
[36-42]. Qualitative evaluation of OA and a few quantita-
tive rating scales are described in the equine and canine
[43-48]. Reports on radiographic evaluation of the rabbit
femorotibial joint are scarce and to our knowledge, no
standardized in vivo non-invasive radiographic protocol
and no atlas of individual ROA features associated with a
radiographic grading scale have yet been described to
evaluate in vivo ROA progression in the CCLT rabbit
model [49-51]. Information on both intra- and inter-
observer agreements is fundamental to the development
of an effective scoring system and needs to be estimated
prior to its implementation [52,53].
We believe such atlas and grading ROA scale would
add benefits to radiography as an outcome measure in
longitudinal and cross sectional in vivo experimental
OA studies. The first aim of the study was to validate a
composite ROA grading scale of the femorotibial joint
of the CCLT rabbit experimental model of OA. Semi-
quantitative ROA scale was illustrated in a radiographic
atlas of individual radiographic features of OA. The sec-
ond aim of the study was to estimate inter and intraob-
server agreement.
Methods
All work was conducted in accordance with the Ethical
Committee Guidelines of the Ecole Vétérinaire de Lyon
(ENVL, France).
Animal procedures
Experimental OA induction
During previous studies experimental OA was induced
surgically by CCLT in the left femorotibial joint of New
Zealand White rabbits while the right joint was left
intact. These rabbits formed the operated group. Rabbits
of the control group were not operated on. Rabbits were
kept in individual cages and in the same conditions
[40,50,51,54].
Radiographic protocol
Rabbit positioning is illustrated in Figure 1. In vivo non-
invasive radiographs of the femorotibial joints were per-
formed prior to the surgery and monthly up to five
months in both control and operated groups in a non
weight-bearing extended caudo-cranial view. Radiogra-
phy was performed by the same operator with the same
equipment (46 kV, 200 mA, 32 ms, Trophy N800 HF,
Fujifilm 24*30 cm
2 IP cassette type C, 1 m film-focus dis-
tance). Rabbits were sedated by intramuscular injection
of xylazine (Rompun 2%®, Bayer 3 mg/kg) and ketamine
(Imalgène 1000®, Merial, 30 mg/kg). Sedated rabbits were
placed in sternal recumbency with both legs extended
caudally and individually fitted with an elastic bandage to
the dedicated extensions of a wooden customized “radio-
graphic rabbit bed"(figure 1). The width between the bed
sides and extensions was adjusted to the rabbit pelvic
width so that both legs were parallel to the rabbit sagittal
plane. Radiographs were made with a vertical X-ray beam
centered over the femorotibial joints and collimated from
the mid femur to the mid tibia.
Film evaluation
Radiographic OA scoring and composite ROA atlas creation
To determine the feasibility of a radiographic grading sys-
tem, three experienced readers reviewed 250 radiographs
of rabbit left femorotibial joint from control and CCLT
rabbits obtained during previous studies [40,50,51,54].
Subsequently they consensually constructed an original
ROA semi-quantitative grading scale that separated joint
space narrowing and osteophytosis [35].
To create the corresponding radiographic atlas, the
same three readers consensually chose a representative
digital radiograph for each radiographic score of each
individual ROA feature. Femorotibial medial joint space
width was graded as normal (grade 0), reduced (grade 1)
or absent ie. bone to bone (grade 2). Osteophytes of the
medial femoral condyle and osteophytes of the medial
tibial condyle were scored separately according to their
presence and size (grade 0 = absence, grade 1 = small,
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Page 2 of 10grade 2 = moderate, grade3 = severe). Osteophytes of
the medial fabella were scored dichotomously as absent
or present (grade 0 or grade 1, respectively). The radio-
graphic atlas is presented in Figures 2, 3, 4 and 5.
Reading procedures and reproducibility
The first author selected a sample of fifty radiographs
representing a wide range of ROA changes with opti-
mized femorotibial joint positioning and adequate
quality.
- Optimized femorotibial joint position was defined as:
midline of the patella within the femoral trochlear
groove superimposed on the femoral long axis and
aligned with the trochlear notch; medial and lateral
femoral condyles symmetrical to the femoral long axis;
and fibulo-tibial joint space clearly outlined.
- Interobserver agreement
Radiographs of the left femorotibial joint from control
and operated rabbits were presented on random order
and the dates of exam and rabbit status were hidden.
Readers were instructed to grade the femorotibial joint
by reference to the radiographic atlas of the individual
radiographic features. Five readers (veterinary surgeons)
interpreted films independently, without knowledge of
each other’s results and blind to the femorotibial joint
status and identity (operated vs control, date of surgery).
The first author did not perform the film reading.
- Intraobserver agreement
Three of the five readers separately repeated the rating
with a time interval of four weeks between the two
readings and without knowledge of previous results.
- Time efficiency
Readers were asked to report to the first author the time
spent for each reading sessions.
Macroscopic and radiographic correlation at 5 months
After radiographic examination at 5 months, forty oper-
ated and ten control sedated rabbits were euthanized by
intra-cardiac injection of 3 mL of pentobarbital sodium.
Macroscopic and radiographic scores resulted from a
consensual grading performed by three of the authors.
Gross examination and ROA grading were done inde-
pendently then compared.
Meniscal injuries were reported in a semi-quantitative
grading table modified from the human literature. Gross
morphological cartilage changes were evaluated using
Visual Analogic Evaluation (VAE) for the articular sur-
face of the tibia and of the femur. This score is based
on the International Cartilage Repair Society (ICRS)
recommendations for grading cartilage defects. The
Figure 1 Rabbit positioning for the extended caudo-cranial non weight-bearing radiography of the knee joint. Sedated rabbits were
placed in sternal recumbency with both leg extended caudally and individually fitted with an elastic bandage to the dedicated extensions of
the “radiographic rabbit bed”
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the area involved and a factor based on the grade of the
cartilage lesion. Grades were assessed by noting the
most advanced lesion present within the cartilage, irre-
spective of its horizontal extent (grade = depth of carti-
lage erosion). The VAE score ranges from 0 indicating
that the cartilage is intact to 100 meaning that full-
thickness cartilage erosion occurred [50,51,54,55].
Data analysis
Student’s paired tests and non parametric spearman
rank correlation coefficient (rs)w e r eu s e dt oe v a l u a t e
the pertinence of the radiographic grading scale and
compare macroscopic and ROA results. A p < 0.05 was
considered statistically significant.
Agreements were estimated with Intra-class coeffi-
cients (ICCs) and their corresponding 95% confidence
intervals (CIs). ICCs values near zero indicate imperfect
reliability of the grading scale while values near 1.0 indi-
cate perfect reproducibility. ICCs were interpreted as
follows: poor agreement below 0.40, fair to good from
0.40 to 0.75, and excellent above 0.75. Both single-mea-
sure ICC and average-measure ICC methods were calcu-
lated as further research design might involve either one
or an average of readers’ grading. Consistency type of
ICC was calculated based on a two-way random effects
model to allow generalization of the results to all possi-
ble readers. Inter-observer agreement was computed
with the five readers first reading session results for
each individual OA features, total osteophytes and
global OA scores. Intraobserver agreement was similarly
assessed for each individual OA features, total osteo-
phytes and global OA scores. In addition absolute type
ICC was used for each individual observer to provide
the range of reliability of the scale between different
readers [56-58].
Statistical analyses were undertaken with SPSS for
windows, version 15.0 (SPSS, Chicago, IL).
Results
Pertinence of the radiographic grading scale
Macroscopic OA lesions [50,51]
Five months after surgery, gross examination showed
intact CCL in the femorotibial joint of control rabbits.
In all of the operated joints, the CCLT was completely
transected and associated with severe changes consistent
with the development of chronic OA. Operated joints
exhibited femoral and tibial chondropathy from oedema
to full thickness cartilage erosion and bone ulceration;
severe degradation of the menisci; extensive tibial and
femoral condyles remodeling; soft tissue fibrosis and
osteophytosis.
ROA composite grading scale of the medial compartment
The scoring system is described in Table 1 and is illu-
strated by the radiographic atlas in Figures 2, 3, 4 and 5.
Osteophytes of the medial compartment corresponded
to the aggregate of the osteophytes (range 0-7). Global
ROA score was obtained by the summation of the indi-
vidual feature grades and ranged from 0 to 9.
Figure 2 Radiographic atlas of individual OA features in the CCLT rabbit model of OA. Medial joint space width: normal (grade 0),
reduced (grade 1), absent (bone to bone)(grade 2)
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Page 4 of 10Macroscopic and radiographic correlation at 5 months
[50,51]
Final macroscopic and radiographic OA lesion evalua-
tion were significantly positively correlated for the med-
ial compartment (p < 0.001). Radiographic scores of
each individual ROA lesion were significantly higher in
the operated group than in the control group (p < 0.001).
Macroscopic and radiographic osteophytes were well
correlated (rs = 0.64, p < 0.001). Joint space narrowing
(JSN) was correlated with macroscopic meniscal lesions
(rs = 0.68, p < 0.001) and with tibial cartilage lesions (rs
= 0.58, p < 0.001). Medial tibial cartilage lesions score
were significantly higher in rabbits with a narrowed or
absent medial joint space (JSN grade of 1 or 2) than in
rabbits with normal joint space width, respectively p <
0.05 and p < 0.001. Medial tibial cartilage lesions were
lower but not significant statistically in rabbits with a
narrowed JS than in rabbits with an absent JS (grade of
1 and 2), p > 0.05.
Evaluation of the radiographic atlas validity
Time efficiency
The average time required to read the fifty radiographs
was two hours.
Range of ROA lesions
Results are shown in Table 2. Results from first reading
session of the most consistent reader were used to
evaluate the distribution of the individual ROA features.
The total radiographic score ranged from 0 to 9 mean-
ing the full range of radiological features of osteoarthri-
tis of the femorotibial joint in the rabbit CCLT
experimental model was available for the evaluation for
the atlas.
Interobserver agreement
Results are detailed in Table 3. Average-measures ICCs
were always higher than single-measures ICCs which are
detailed here. Inter-observer agreement for the osteo-
phytes of the medial compartment was excellent, with
ICCs value of (ICC 0.90; CI 0.85-0.94). Global ROA score
ICC value also demonstrated excellent reproducibility
(ICC 0.93; CI 0.90-0.96) Interobserver agreement for the
medial joint space width was the highest of the individual
ROA markers (ICC 0.91; CI 0.87-0.94) and was the lowest
for the osteophytes of the medial fabella (ICC 0.74;
CI 0.64-0.83). Inter-observers ICCs for the osteophytes of
the medial tibial condyle was slightly higher than for the
medial femoral condyle (respectively ICC 0.76 with CI
0.66-0.84 and ICC 0.88 with CI 0.83-0.92).
Intraobserver agreement
The highest reliability was seen for the medial joint
space width (ICC ranged from 0.94 to 1.0). Global ROA
score gave the highest reliability (ICC ranged from 0.94
to 0.96). The lowest reliability was observed for the
Figure 3 Radiographic atlas of individual OA features in the CCLT rabbit model of OA. Medial tibial condyles osteophytes: absent (grade
0), small (grade 1), moderate (grade 2), severe (grade 3)
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Page 5 of 10Figure 4 Radiographic atlas of individual OA features in the CCLT rabbit model of OA. Medial femoral condyles osteophytes: absent
(grade 0), small (grade 1), moderate (grade 2), severe (grade 3)
Figure 5 Radiographic atlas of individual OA features in the CCLT rabbit model of OA. Medial fabella osteophytes: absent (grade 0),
present (grade 1)
Boulocher et al. BMC Medical Imaging 2010, 10:3
http://www.biomedcentral.com/1471-2342/10/3
Page 6 of 10osteophytes of the medial femoral condyle which was
only moderate for one reader (ICC 0.70) but still good
for the other two readers (ICCs 0.79 and 0.90).
Discussion
Radiography is the least expensive method of imaging
joints and is more readily available than MRI. In man,
radiographic OA is defined on the evaluation of joint
space width (JSW) and osteophytes [1-8,21,22]. Severity of
radiographic OA can be estimated using semi-quantitative
scoring systems. For nearly half-century the Kellgren and
Lawrence system has extensively been used in large clini-
cal and epidemiological studies. However, such a global
assessment is invalid as it assumes that changes in radio-
graphic features are linear over the course of the disease
with constant relationship. Clinical studies and research
on OA pathogenesis require separate assessment of the
different OA features [9,10,16,19,59-69]. To overcome this
problem, Altman and others developed a radiographic
grading scale of individual OA features. This scale is illu-
strated in a radiographic atlas which has been updated in
2007 and published on line by the Osteoarthritis Research
Society International (OARSI) [35].
To the authors’ best knowledge, prior to this report,
while being well characterized by histology and by gross
examination in the literature no radiographic atlas of
the CCLT rabbit model of OA has been described.
Equally neither recommendations nor detailed descrip-
t i o no ft h er a d i o g r a p h i cp r o c e d u r ec o u l db ef o u n d .I n
man JSN and osteophyte scoring provide better repro-
ducibility for grading ROA than cyst, sclerosis or bone
contour. We based the CCLT rabbit model composite
ROA atlas and grading scale on osteophyte and JSN
grading. ICCs of each individual ROA features
demonstrated excellent agreement inter- and intra-read-
ings. Global ROA score gave the highest ICCs value for
both between and within observer agreements. In all
individual ROA features, JS narrowing gave the highest
overall reliability and reproducibility.
The simple “rabbit bed” permitted easy standardiza-
tion of the fully extended caudocranial view of the rab-
bit femorotibial joint, with both rabbit metatarsi parallel
to the sagittal plane of the animal, but precluding
weight-bearing. We are currently working on a dedi-
cated system to perform in vivo weight-bearing radio-
graphs of the rabbit femorotibial joints.
Poor radio-anatomic positioning is known to be an
important source of error of JSW (and JSN) evaluation.
Manually applied stress on non weight-bearing caudo-
cranial radiographs of the canine femorotibial joint, has
the most marked effect on the JSW [70]. In contrast,
mild to moderate decentering of the Xray beam along
the long or transversal axes of the hind leg does not
alter JSW as much as rotation or manually applied med-
iolateral stress. To limit positioning artifact we fixed the
rabbit metatarsi to the bed extensions ensuring simple
and reproducible positioning. As radiographic procedure
was performed by the same person (CB) this also helped
to reduce positioning errors. Further work is needed to
evaluate the consequences of the OA changes on the
positioning of the femorotibial joint for the ROA grad-
ing as OA impairs the joint range of motion.
In CCLT rabbit model of OA, the severity of the
chondropathy is reported to vary widely between sub-
jects and to be associated with meniscal lesions and it is
not clear whether structural cartilage or meniscal lesions
appear first in the CCLT rabbit. Worthy of notice, at
five months after surgery ROA severity was positively
Table 1 Radiographic grading scale
Radiographic OA feature of the medial compartment Grade 0 Grade 1 Grade 2 Grade 3
Joint space width Normal Reduced Absent NA
Osteophytes Medial tibial condyle Absent Small Moderate Severe
Medial femoral condyle Absent Small Moderate Severe
Medial fabella Absent Present NA
Total osteophytes 0-7
Global ROA score 0-9
Table 2 Descriptive analyses (number of sample = 50)
Descriptive statistics Min Max Mean SD
Medial joint space narrowing 0 2 0.86 0.80
Osteophytes of the medial tibial condyle 0 3 1.2 1.0
Osteophytes of the medial femoral condyle 0 3 0.7 0.82
Osteophytes of the medial fabella 0 1 0.6 0.50
Global OA score 0 9 3.4 2.90
Boulocher et al. BMC Medical Imaging 2010, 10:3
http://www.biomedcentral.com/1471-2342/10/3
Page 7 of 10correlated both with meniscal and cartilage macroscopic
lesions. Further work is needed to distinguish the
sequential development of these lesions [36-42].
Similarly to the CCLT canine experimental model of
OA, the radiographic details of the operated rabbits’
femorotibial joint allowed observation of central osteo-
phyte and subchondral cystic lesions. Gross examination
does not allow quantification of subchondral lesions.
We are currently investigating histological analyses to
integrate these features in a ROA grading scale.
Poor correlation has often been reported between
macroscopic and histologic tibial cartilage thickness of
the rabbit femorotibial joint [50,54]. This is due to the
inherent problems of using a unidimensional measure
(histology) to indirectly evaluate changes in 3D struc-
tures within a joint compartment.
Non-invasive surrogates such as tomographic imaging
procedure (μCT, μMRI) still need to be validated in
CCLT rabbit model of OA.
Conclusion
In this study, we demonstrated radiographic semi-quan-
titative grading of individual OA features in the rabbit
CCLT model of OA was feasible, relevant and reprodu-
cible. The standardized protocol and the radiographic
atlas presented here could be used as a template for
semi-quantitative grading of the ROA in preclinical
studies.
Abbreviations
CCLT: Cranial Cruciate Ligament Transection; CI: Coefficient Interval; DMOA:
Disease Modifying Osteoarthritis Agent; ICC: Intraclass Correlation Coefficient;
JSN: Joint Space Narrowing; JSW: Joint Space Width; μCT: micro-Computed
Tomography; μMRI: micro- Magnetic Resonance Imaging; NA: Non
Applicable; OA: Osteoarthritis; ROA: Radiographic Osteoarthritis.
Acknowledgements
The authors wish to thank the Institut Claude-Bourgelat (ICl-B), Lyon, France,
for the animal care and Timothy Avison (ENVL) for the linguistic help.
Author details
1Université de Lyon, Université Claude Bernard Lyon 1, UPSP 2007.03.135
RTI2B, Lyon, France.
2École Nationale Vétérinaire de Lyon (ENVL), membre de
l’université de Lyon, Lyon, France.
3Hospices Civils Lyon Sud, Lyon, France.
Authors’ contributions
All authors read and approved the final manuscript. CB carried out the study
design, the acquisition of all the radiographs, the analysis and interpretation
of data and wrote the manuscript. TR, EV, EPV conceived the study,
participated in its design and coordination, and helped to draft the
manuscript. DF, FA, PM, FC, MED and OR were involved in the acquisition of
the data. RC, EV, MED, DF performed the CCLT. CB, EV, TR, MED performed
the gross examination. CB, EV, and TR conceived the radiographic atlas. CB,
DF, FA, FC, PM read the radiographs.
Competing interests
The authors declare that they have no competing interests.
Received: 6 January 2009
Accepted: 20 January 2010 Published: 20 January 2010
References
1. American College of Rheumatology Subcommittee on Osteoarthritis
Guidelines: Recommendations for the medical management of
osteoarthritis of the hip and knee: 2000 update. Arthritis Rheum 2000,
43(9):1905-1915.
2. Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT, Giannini EH, et al:
Estimates of the prevalence of arthritis and selected musculoskeletal
disorders in the United States. Arthritis Rheum 1998, 41(5):778-799.
3. Felson DT, Zangh Y: An update on the epidemiology of knee and hip
osteoarthritis with a view to prevention. Arthritis Rheum 1998,
41:1343-1355.
4. Pendleton A, Arden N, Dougados M, Doherty M, Bannwarth B, Bijlsma JW,
et al: EULAR recommendations for the management of knee
osteoarthritis: report of a task force of the Standing Committee for
International Clinical Studies Including Therapeutic Trials (ESCISIT). Ann
Rheum Dis 2000, 59(12):936-944.
5. Birrell F, Croft P, Cooper C, Hosie G, Macfarlane G, Silman A: Health impact
of pain in the hip region with and without radiographic evidence of
osteoarthritis: a study of new attenders to primary care. The PCR Hip
Study Group. Ann Rheum Dis 2000, 59(11):857-863.
6. Hoes JN, Jacobs JW, Boers M, Boumpas D, Buttgereit F, Caeyers N, et al:
EULAR evidence based recommendations on the management of
systemic glucocorticoid therapy in rheumatic diseases. Ann Rheum Dis
2007, 66(12):1560-1567.
7. Reginster JY: The prevalence and burden of osteoarthritis. Rheumatology
2002, 41:3-6.
8. Pelletier JP, Martel-Pelletier J, Raynauld JP: Most recent developments in
strategies to reduce the progression of structural changes in
osteoarthritis: today and tomorrow. Arthritis Res Ther 2006, 8(2):206.
Table 3 Inter-observer agreement
Inter-observer agreement (Consistency type ICC- Five readers)
Medial JSW Osteophytes of the medial compartment
ROA features Medial tibial Condyle Medial femoral condyle Medial fabella
ICC CI ICC CI ICC CI ICC CI
Single-measure 0.91 0.87-0.94 0.88 0.83-0.92 0.76 0.66-0.84 0.74 0.64-0.83
Average-measure 0.98 0.97-0.98 0.97 0.96-0.98 0.94 0.91-0.96 0.93 0.90-0.96
Inter-observer agreement (Consistency type ICC- Five readers)
ROA features Medial Osteophytes Total OA
ICC CI ICC CI
Single-measure 0.90 0.85-0.94 0.93 0.90-0.96
Average-measure 0.98 0.97-0.99 0.99 0.98-1.0
Boulocher et al. BMC Medical Imaging 2010, 10:3
http://www.biomedcentral.com/1471-2342/10/3
Page 8 of 109. Vignon E, Moreland L: How do we best measure the clinical benefit of a
structure-modifying osteoarthritis drug?. Osteoarthritis Cartilage 2004,
12(Suppl 1):61-62.
10. Zhang W, Doherty M, Arden N, Bannwarth B, Bijlsma J, Gunther KP, et al:
EULAR evidence based recommendations for the management of hip
osteoarthritis: report of a task force of the EULAR Standing Committee
for International Clinical Studies Including Therapeutics (ESCISIT). Ann
Rheum Dis 2005, 64(5):669-681.
11. Sarzi-Puttini P, Cimmino MA, Scarpa R, Caporali R, Parazzini F, Zaninelli A,
et al: Osteoarthritis: an overview of the disease and its treatment
strategies. Semin Arthritis Rheum 2005, 35(1 Suppl 1):1-10.
12. Raynauld JP, Kauffman C, Beaudoins G, Berthaumie MJ, de Guise JA,
Bloch DA, et al: Reliability of quantification imaging system using
magnetic resonance images to measure cartilage thickness and volume
in human normal and osteoarthritic knees. Osteoarthritis Cartilage 2003,
11:351-360.
13. Raynauld JP, Martel-Pelletier J, Berthiaume MJ, Labonte F, Beaudoin G, de
Guise JA, et al: Quantitative magnetic resonance imaging evaluation of
knee osteoarthritis progression over two years and correlation with
clinical symptoms and radiologic changes. Arthritis Rheum 2004,
50(2):476-487.
14. Bruyere O, Collette J, Kothari M, Zaim S, White D, Genant H, et al:
Osteoarthritis, magnetic resonance imaging, and biochemical markers: a
one year prospective study. Ann Rheum Dis 2006, 65(8):1050-1054.
15. Kane D, Balint PV, Sturrock RD: Ultrasonography is superior to clinical
examination in the detection and localization of knee joint effusion in
rheumatoid arthritis. J Rheumatol 2003, 30(5):966-971.
16. Abadie E, Ethgen D, Avouac B, Bouvenot G, Branco J, Bruyere O, et al:
Recommendations for the use of new methods to assess the efficacy of
disease-modifying drugs in the treatment of osteoarthritis. Osteoarthritis
Cartilage 2004, 12:263-268.
17. Rovati LC: Radiographic assessment. Introduction: existing methodology.
Osteoarthritis Cartilage 1999, 7:427-429.
18. Altman R, Brandt K, Hochberg M, Moskovitz R: Recommendations from a
task force of the Osteoarthritis Research Society: Design and conduct of
clinical trials in patients with osteoarthritis. Osteoarthritis Cartilage 1996,
4:217-243.
19. Group for the Respect of Ethics and Excellence in Science (GREES):
Osteoarthritis Section. Recommendations for the registration of drugs
used in the treatment of osteoarthritis. Ann Rheum Dis 1996, 55:552-557.
20. Auleley GR, Giraudeau B, Dougados M, Ravaud P: Radiographic assessment
of hip osteoarthritis progression: impact of reading procedures for
longitudinal studies. Ann Rheum Dis 2000, 59(6):422-427.
21. Spector TD, Hart DJ, Byrne J, Harris PA, Dacre JE, et al: Definition of
osteoarthritis of the knee for epidemiological studies. Ann Rheum Dis
1993, 52(11):790-794.
22. Kellgren J, Lawrence J: Radiological assessment of osteoarthrosis. Ann
Rheum Dis 1957, 16:494-501.
23. Dieppe P: Recommended methodology for assessing the progression of
osteoarthritis of the hip and knee joints. Osteoarthritis Cartilage 1995,
3:73-77.
24. Ravaud P, Giraudeau B, Auleley G, Drape J, Rousselin B, Paolozzi L, et al:
Variability in knee radiography: implication for definition of radiological
progression in medial knee osteoarthritis. Ann Rheum Dis 1998,
57(10):624-629.
25. Maheu E, Cadet C, Marty M, Dougados M, Ghabri S, Kerloch I, et al:
Reproducibility and sensitivity to change of various methods to measure
joint space width in osteoarthritis of the hip: a double reading of three
different radiographic views taken with a three-year interval. Arthritis Res
Ther 2005, 7(6):R1375-1385.
26. Menz HB, Munteanu SE: Radiographic validation of the Manchester scale
for the classification of hallux valgus deformity. Rheumatology (Oxford)
2005, 44(8):1061-1066.
27. Menz HB, Munteanu SE, Landorf KB, Zammit GV, Cicuttini FM: Radiographic
classification of osteoarthritis in commonly affected joints of the foot.
Osteoarthritis Cartilage 2007, 15(11):1333-1338.
28. Marshall M, Dziedzic FS, van der Windt DA, Hay EM: A systematic search
and narrative review of radiographic definitions of hand osteoarthritis in
population-based studies. Osteoarthritis Cartilage 2007, 16(2):219-226.
29. Nagaosa Y, Mateus M, Hassan B, Lanyon P, Doherty M: Development of a
logically devised line drawing atlas for grading of knee osteoarthritis.
Ann Rheum Dis 2000, 59(8):587-595.
30. Galli M, De Santis V, Tafuro L: Reliability of the Ahlbäck classification of
knee osteoarthritis. Osteoarthritis Cartilage 2003, 11(8):580-584.
31. Scott WW, Lethbridge-Cejku M, Reichle R, Wigley FM, Tobin JD,
Hochberg MC: Reliability of grading scales for individual radiographic
features of osteoarthritis of the knee. The Baltimore longitudinal study
of aging atlas of knee osteoarthritis. Invest Radiol 1993, 28(6):497-501.
32. Günther KP, Sun Y: Reliability of radiographic assessment in hip and knee
osteoarthritis. Osteoarthritis and Cartilage 1999, 7(2):239-246.
33. Scott WW, Lethbridge-Cejku M, Reichle R, Wigley FM, Tobin JD,
Hochberg MC: Reliability of grading scales for individual radiographic
features of osteoarthritis of the knee. The Baltimore longitudinal study
of aging atlas of knee osteoarthritis. Invest Radiol 1993, 28(6):497-501.
34. Altman RD, Hochberg M, Murphy WA Jr, Wolfe F, Lequesne M: Atlas of
individual radiographic features in osteoarthritis. Osteoarthritis Cartilage
1995, 3(Suppl A):3-70.
35. Altman RD, Gold GE: Atlas of individual radiographic features in
osteoarthritis, revised. Osteoarthritis Cartilage 2007, 15(Suppl A):A1-56.
36. Yoshioka M, Coutts RD, Amiel D, Hacker SA: Characterization of a model of
osteoarthritis in the rabbit knee. Osteoarthritis Cartilage 1996, 4:87-98.
37. Shimizu C, Yoshioka M, Coutts RD, Harwood FL, Kubo T, Hirasawa Y, et al:
Long-term effects of hyaluronan on experimental osteoarthritis in the
rabbit knee. Osteoarthritis Cartilage 1998, 6(1):1-9.
38. Amiel D, Toyoguchi T, Kobayashi K, Bowden K, Amiel ME, Healey RM: Long-
term effect of sodium hyaluronate (Hyalgan) on osteoarthritis
progression in a rabbit model. Osteoarthritis Cartilage 2003, 11(9):636-43.
39. Wachsmuth L, Keiffer R, Juretschke HP, Raiss RX, Kimmig N, Lindhorst E: In
vivo contrast-enhanced micro MR-imaging of experimental osteoarthritis
in the rabbit knee joint at 7.1T1. Osteoarthritis Cartilage 2003,
11(12):891-902.
40. Boulocher C, Chereul E, Langlois JB, Armenean M, Duclos ME, Viguier E,
et al: Non-invasive in vivo quantification of the medial tibial cartilage
thickness progression in an osteoarthritis rabbit model with quantitative
3D high resolution micro-MRI. Osteoarthritis Cartilage 2007,
15(12):1378-1387.
41. Hellio Le Graverand MP, Vignon E, Otterness IG, Hart DA: Early changes in
lapine menisci during osteoarthritis development: Part II: molecular
alterations. Osteoarthritis Cartilage 2001, 9(1):65-72.
42. Hellio Le Graverand MP, Vignon E, Otterness IG, Hart DA: Early changes in
lapine menisci during osteoarthritis development: Part I: cellular and
matrix alterations. Osteoarthritis Cartilage 2001, 9(1):56-64.
43. de Rooster H, van Bree H: Radiographic measurement of craniocaudal
instability in stifle joints of clinically normal dogs and dogs with injury
of a cranial cruciate ligament. Am J Vet Res 1999, 60(12):1567-1570.
44. Labens R, Innocent GT, Voute LC: Reliability of a quantitative rating scale
for assessment of horses with distal tarsal osteoarthritis. Vet Radiol
Ultrasound 2007, 48(3):204-211.
45. Innes JF, Costello M, Barr FJ, Rudorf H, Barr AR: Radiographic progression
of osteoarthritis of the canine stifle joint: A prospective study. Vet Radiol
Ultrasound 2004, 45(2):143-148.
46. Butler JA, Colles CM, Dyson SJ, Kold SE, Poullos PW: Clinical Radiology of
the Horse. Blackwell Science., Oxford, 2 2000, 610.
47. Thrall DE: Textbook of Veterinary Radiolog. WB Saunders Company.
Philadelphia, 3 1998.
48. Hurley CR, Hammer DL, Shott S: Progression of radiographic evidence of
osteoarthritis following tibial plateau leveling osteotomy in dogs with
cranial cruciate ligament rupture: 295 cases (2001-2005). J Am Vet Med
Assoc 2007, 230(11):1674-1679.
49. Rijk P, de Rooy T, Coerkamp E, Bernoski F-P, van Noorden C: Radiographic
evaluation of the knee joint after meniscal allograft transplantation. An
experimental study in rabbits. Knee Surg, Sports Traumatol, Arthrosc 2002,
10:241-246.
50. Boulocher C, Duclos ME, Viguier E, Roger T, Vignon E: Intérêt du suivi
radiographique des lésions d’arthrose expérimentale chez le lapin. Joint
Bone Spine 2006, 73(10-11):110.
51. Boulocher C, Viguier E, Duclos ME, Roger T, Vignon E: Radiographic atlas of
the individual features of osteoarthitis of the knee joint in the rabbit
experimental model. Osteoarthritis Cartilage 2007, 15(Suppl2):B146.
Boulocher et al. BMC Medical Imaging 2010, 10:3
http://www.biomedcentral.com/1471-2342/10/3
Page 9 of 1052. Ravaud P, Giraudeau B, Auleley GR, Edouard-Noel R, Dougados M,
Chastang C: Assessing smallest detectable change over time in
continuous structural outcome measures: application to radiological
change in knee osteoarthritis. J Clin Epidemiol 1999, 52:1225-1230.
53. Fleiss JL, Cohen J: The equivalence of weighted kappa and the intraclass
correlation coefficient as measures of reliability. Educational and
Psychological Measurement 1973, 33:613-619.
54. Boulocher C, Duclos M-E, Arnault F, Roualdes , Fau D, Hartmann DJ, et al:
Knee joint ultrasonography of the ACLT rabbit experimental model of
osteoarthritis: relevance and effectiveness in detecting meniscal lesions.
Osteoarthritis Cartilage 2008, 16(4):470-479.
55. ICRS_evaluation.pdf (object application/pdf). http://www.cartilage.org/
_files/contentmanagement/ICRS_evaluation.pdf.
56. Shrout PE, Fleiss JL: Intraclass correlations: Uses in assessing rater
reliability. Psychol Bulletin 1979, 86:420-427.
57. Bland JM, Altman DG: Cronbach’s alpha. BMJ 1997, 314(7080):572.
58. Landis JR, Koch GG: The measurement of observer agreement for
categorical data. Biometrics 1977, 33(1):159-174.
59. Lanyon P, O’Reilly S, Jones A, Doherty M: Radiographic assessment of
symptomatic knee osteoarthritis in the community: definitions and
normal joint space. Ann Rheum Dis 1998, 57(10):595-601.
60. Boegard T, Rudling O, Petersson IF, Jonsson K: Correlation between
radiographically diagnosed osteophytes and magnetic resonance
detected cartilage defects in the tibiofemoral joint. Ann Rheum Dis 1998,
57(7):401-407.
61. Boegard T, Rudling O, Petersson IF, Jonsson K: Correlation between
radiographically diagnosed osteophytes and magnetic resonance
detected cartilage defects in the patellofemoral joint. Ann Rheum Dis
1998, 57(7):395-400.
62. Nagaosa Y, Lanyon P, Doherty M: Characterisation of size and direction of
osteophyte in knee osteoarthritis: a radiographic study. Ann Rheum Dis
2002, 61(4):319-324.
63. Jones AC, Ledingham J, McAlindon T, Regan M, Hart D, MacMillan PJ, et al:
Radiographic assessment of patellofemoral osteoarthritis. Ann Rheum Dis
1993, 52(9):655-658.
64. Altman RD, Fries JF, Bloch DA, Carstens J, Cooke TD, Genant H, et al:
Radiographic assessment of progression in osteoarthritis. Arthritis Rheum
1987, 30(11):1214-1225.
65. Dieppe PA, Altman RD, Buckwalter JA, Felson DT, Hascall V, Lohmander LS,
et al: Standardization of methods used to access the progression of
osteoarthritis of the hip and knee joints. Osteoarthritic Disorders,
Rosemont: American Academy of Orthopaedic SurgeonsKeuttner KE,
Goldberg VM 1995, 481-497.
66. Widmer WR, Buckwalter KA, Braunstein EM, Hill MA, O’Connor BL, Visco DM:
Radiographic and magnetic-resonance-imaging of the stifle joint in
experimental osteoarthritis of dogs. Vet Radiol Ultrasound 1994,
35:371-383.
67. Gilbertson E: Development of periarticular osteophytes in experimentally
induced osteoarthritis in the dog. A study using microradiographic,
microangiographic and fluorescent bone-labelling techniques. Ann
Rheum Dis 1975, 34:12-25.
68. Bruyere O, Genant H, Kothari M, Zaim S, White D, Peterfy C, et al:
Longitudinal study of magnetic resonance imaging and standard X-rays
to assess disease progression in osteoarthritis. Osteoarthritis Cartilage
2007, 15:98-103.
69. Cicuttini FM, Wluka AE, Forbes A, Wolfe R: Comparison of tibial cartilage
volume and radiologic grade of the tibiofemoral joint. Arthritis Rheum
2003, 48:682-688.
70. Whatmough C, Moores AP, Magalhaes RS, Lamb CR: Factors affecting
width of the canine femorotibial joint space in nonweight-bearing
radiographs. Vet Radiol Ultrasound 2008, 49(2):129-134.
Pre-publication history
The pre-publication history for this paper can be accessed here:http://www.
biomedcentral.com/1471-2342/10/3/prepub
doi:10.1186/1471-2342-10-3
Cite this article as: Boulocher et al.: Radiographic assessment of the
femorotibial joint of the CCLT rabbit experimental model of
osteoarthritis. BMC Medical Imaging 2010 10:3.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Boulocher et al. BMC Medical Imaging 2010, 10:3
http://www.biomedcentral.com/1471-2342/10/3
Page 10 of 10